7 8 A binary vector amenable to high-throughput cloning was constructed for 9 ethanol-inducible expression of double-stranded RNA (dsRNA) in plants. Silencing 10 of a transgene encoding β-glucuronidase (GUS) was then examined at RNA and 11 protein levels in tobacco. Transient gene silencing could be effectively achieved in 12 plants with higher expression levels of alcR (the ethanol sensor) after single 13 application of 1% ethanol (v/v) through root drenching. GUS activities showed 14 more dramatic pattern of loss and recovery in young leaves than in older leaves. 15 Repeated ethanol treatment resulted in extended gene suppression and increased loss 16 of GUS activities. Interestingly, recovery of GUS transcript level is dramatically 17 earlier than that of GUS protein levels as measured by enzyme assays. These 18 observations indicate that dsRNA-mediated gene silencing may occur through more 19 stable translational inhibition in addition to reversible targeted RNA degradation.
Introduction
Double-stranded RNA (dsRNA)-mediated post-transcriptional gene silencing 2 (PTGS) has emerged as an effective approach to investigate gene functions. In 3 plants, dsRNA-mediated PTGS is commonly achieved by stable transformation of an 4 intron-containing self-complementary "hairpin" RNA (hpRNA) construct. The 5 presence of a spliceable intron appears to enhance the formation of dsRNA and hence 6 the targeted mRNA degradation [1] [2] . Constitutive expression of dsRNA using the 7 cauliflower mosaic virus 35S promoter could achieve PTGS with almost 100% 8 efficiency when directed against viral or endogenous genes in plants [1] . However, 9 this approach could limit the study of essential genes since recovery of transgenic 10 lines would become difficult. An inducible system is therefore highly desirable for alc regulon could also be induced by related chemicals such as acetaldehyde [7] . 19 In this study, we constructed a new binary vector by placing an hpRNA-encoding 20 unit derived from the pHellsgate2 vector [2] under the control of the alcohol-inducible 21 system. The target gene hpRNA construct can be generated in a single step with a oppositely oriented recombination sequences of attP1 and attP2 and the octopine 17 synthetase 3'-terminator (ocs3') was removed from the pHellsgate2 plasmid (P. 18 Waterhouse, CSIRO Plant Industries, Australia) and inserted downstream of palcA. 19 The final binary vector was named pMW4 ( Fig. 1) , with hygromycin resistance as the 20 selection marker. 
GUS enzyme assays 19
Leaf tissues were homogenized in protein extraction buffer (50 mM Na 2 H 2 PO 4 , 20 10 mM EDTA, 0.1% triton X-100, and 1.0 g L -1 sarcosyl) and protein concentrations 21 measured as described previously [10] . For GUS activity determination, a 1 fluorimetric assay was conducted using the substrate 4-methylumbelliferyl 2 β-D-glucuronidase essentially as described [11] . Reaction products were quantified, 3 using 4-methylumbelliferone (4-MU) as a standard, by measurements at the 360 nm 4 excitation and 460 nm emission wavelengths in a microtiter plate reader. Using enzyme assays as an indirect measurement for GUS protein levels, suppression 14 of enzyme activity was found to be less dramatic in older leaves compared to younger 15 leaves (Fig. 4B ). For example, leaves in zone 3 showed only 30% decrease in GUS 16 activity compared to an 80% reduction in zone 1 24 h after ethanol treatment, during 17 which GUS gene expression was largely silenced. In all cases, the enzyme activities 18 started to recover as accumulation of GUS transcripts resumed (Fig. 4) . 19 Older tissues were expected to accumulate abundant levels of GUS enzyme 20 which is a stable protein (Jefferson et al., 1987). The initial GUS activities were at 21 least two-fold higher in zone 3 than in zone 1 (data not shown). Thus, the enzyme activity might not be suppressed significantly in old tissue when the transcript level 1 was silenced transiently. In an attempt to achieve extended gene silencing, HT1 2 plants were treated with 1% ethanol (v/v) at 24 h intervals for 3 days. As shown in In this study, repeated induction treatments resulted in suppression effects that 10 could not be achieved simply by increased ethanol doses. Duration of gene silencing 11 was extended following three applications of 1% (v/v) ethanol at 24 h intervals. 12 Interestingly, GUS transcripts did not start to re-accumulate until 72 h after the final 13 treatment ( Fig. 5A-B ). This is in contrast to a single application in which gene 14 expression resumed by 48 h, irrespective of the concentration used (Fig. 3) . In 15 addition, the persistent loss of GUS activity when gene expression had largely 16 returned to pre-treatment levels was unexpected (Fig. 5 ). Re-accumulation of GUS 17 transcripts indicated that dsRNA-mediated target mRNA degradation was essentially 18 turned-off. However, the recovered transcript apparently did not result in significant 
